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ABSTRACT

The potential contingencies requiring a capability for
alternate systems for supplying breathing oxygen are defined for
each phase of the mission starfing with either air or oxygen at
launch. These contingencies may require an alternate oxygen
system, e.g., a mask or separate sult or helmet connection. The
atmosphere related contingencies examined include such problems
as suit loop failures with alr in the cabin, cabin contamination
during shirtsleeve operations and emergency egress on the pad.
The oxygen system functions required to counter these contingen-
cies are presented and the principal constraints limiting system
design possibilities are summarized. These requirements are
then compared with the capabilities planned for the CSM when
modified for use of air on the pad. It is noted that many func-
tions suggested are incorporated in already planned emergency
oxvgen supply components. However, to implement some additional
functions will reguire more equipment, e.g., a direct alternate
oxyvgen connection to the suit.

It is concluded that no matter whether air or oxygen
is used at launch a need exists for an alternate oxygen system.
Ideally, the system should be usable by the crew in all mission

phases. It appears that this would require a mask for out-of-
sult use and a direct suit connection for in-suit use. In addi-
tion, a separate, relatively short term supply of gaseo en
with a recharge capability from the cryogenic supply %&UUéab,
desirable as the alternate oxygen source. Ak %é?
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Abstract (Contd.)

To improve the margin of crew-safety the alternate
oxygen system should be effective against contamination, low
partial oxygen pressure, low total pressure, and single or mul-
tiple environmental control system malfunctions (e.g., suit
loop or both cabin and suit loop malfunctions) for most crew
and spacecraft configurations throughout the nominal mission
and abort regimes. The alternate oxygen system should supple-
ment the cabin atmosphere and suit loop systems during contin-
gencies, not substitute for these systems in the nominal case.

The addition of supplemental gaseous oxygen, inde-
pendently controlled suit oxygen lines (for usc with helmets and
suits on) and face masks (for use with helmets off) can provide
significant safety improvement over the basic environmental

control system cabin atmosphere and suilt loop.
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INTRODUCTION

The Apollo Environmental Control System (ECS) supports
the physiological needs of the crew adequately for most contin-
gencies when oxygen is used as a pressurant. However, changes
are being made in the spacecraft to enable either air or oxygen
to be used as a cabin pressurant on the pad. Therefore, a re-
view of the crew rcquirements specifically for breathing oxygen
in each mission phase was performed without limiting the evalua-
tion by approved hardware changes. This study examines the need
for alternate oxygen supply functions if either air or oxygen is
used at launch.

The most significant requirements for an alternate
oxygen system were compared with the capabilities expected to
be provided by changes planned in the CSM ECS to enable use of
air on the pad as an option and concurrent related changes to
incorporate oxygen masks and rapid repressurization. This com-
parison focuses attfention on a few additicnal significant equip-
ment capabilities that should be considered for inclusion in the
planned spacecraft modifications.

SYSTEM DISCUSSICN

The Apollo system 1s required to provide support for
crew physiological functions including respiration, body pres-

sure and thermal conditioning.(l) The exlsting Environmental
Control System (ECS) provides the necessary functions in the
nominal case and for the majority of contingencies. In the
spacecraft the functions are accomplished with the use of a
gaseous medium (oxygen) supplied in flight from a primary cryo-
genic oxygen source in the SM or from secondary gaseous oxygen
centainers that are resupplied from the primary source.

Two ECS gaseous environment contrcl methods, cabin
atmosphere system (or cabin) and pressure garment system (or
suit loop), are used concurrently or alternately to provide
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maximum crew safety consistent with operational requirements,
e.g., shirtsleeve operation, crew transfer, etc. These two
systems are not completely separated (since they have a common
supply and some common lines and controls) but they can be
effectively isolated at the independent pressure regulators.

This study of an alternate oxygen system is primarily
concerned with the supply of the proper composition of breath-
ing oxygen rather than maintenance of suit or cabin total

pressure. In only a few instances can suit or cabin total
pressure be reasonably supplemented, e.g., by direct oxygen

input to a donned suit when cabin pressure is low. Furthermore,
little additional body temperature control is availlable as a
byproduct of a simple alternate oxygen supply method. There-
fore, this discussion is essentially limited to the maintenance
of a viable respiration alternative (i.e., sufficient oxygen
partial pressure, adequate total pressure if possible and suf-
ficiently low contamination levels).

The astronauts are provided breathing oxygen on a
mission by either a primary or a backup system under nominal
conditions. The suit loop is the primary supply with suits and
helmets donned, backed up by cabin atmosphere. With suits or
helmets doffed the same systems are active, except the cabin
atmosphere is primary and the suit loop is backup. The ECS
also operates in both modes to provide for some crewmen in

suits while others are in shirtsleeves. This system arrange-
ment accommodates the crew oxygen needs in the nominal and most
single failure contingency situations. However, 1t is possible

to encounter contingencies for which neither the cabin atmo-
sphere nor the suit loop will sustain the crew.

POSSIBLE CONTINGENCIES

The lunar mission phases were examined for atmosphere
related contingencies in order to derive requirements for an
alternate oxygen supply that can adequately supplement existing

oapabilities.(l)(g) It is assumed that the spacecraft is re-
designed to use either oxygen or air as a countdown cabin pres-

surant and oxygen after ascent.(l) Therefore, contingencies
are included based on the use of alr, as well as oxygen, at
launch.

Many of the contingencies considered are or appear to
be double malfunctions because the ECS normally provides two
modes (suit and cabin) that must both be out of commission or
inaccessible before an alternate is needed. However, these con-
tingencies must be considered because one incident, e.g., smoke,
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can invalidate both ECS modes; one mode could be inaccessible
during failure of the other; one mode may not be adequately
provided 100 percent of the time; and, less significantly, two
independent failures could occur.

The major mission phases and a composite of the con-
tingencies examined are listed below. The detailed breakdown
of contingencies as developed by mission phase is given in
Appendix A.  Contingencies listed are only those that could be
countered by appropriate application of an alternate breathing
source and are not now adequately ccvered by the functional
capability of the existing ECS:

k]

1. Mission Phases

a. Countdown - During countdcwri failure or compromise of
both the suit loop and cabin atmosphere could occur;

b. Launch and Ascent - During ascent the cabin pressure
is reduced to the extent Lhat if air is used the cabin

atmosphere does not provide adequate backup.(l)(3) In
addition, the boost acceleration force complicates the
removal of sult helmets or initiation of operation or
manipulation of any alternate systems;

c. In Transit (Suits Pressurized) - This condition exists
after ascent until initial suit doffing and during all
subsequent Service Propulsion System (SPS) burns in
translunar, lunar and transearth trajectories;

d. In Transit (Suits Unpressurized) - Most of the transit
time 1s spent in this condition (suits doffed or hel-

met removed) using cabin atmosphere as the primary
source of oxygen. This condition also applies to CSM
solo orbit after LM descent. Suits are to be donned
and pressurized in event of cabin depressurizaticn or
contamination. Time critical contingencies could re-
quire an alternate rapidly accessible oxygen supply,
e.g., face masks;

e. Crew Trensfer - Intra-vehlcular transfer is accom-
plished in pressurized suits with the aid of a long
umbilical supplied by the CSM ECS. EVA transfer, if
required, 1s accomplished with the aid of the portable
life support system (PLSS) or the oxygen purge system
(OPS);
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. LM Descent or Ascent - Suits and cabin are normally
both pressurized. Both must become nonviable before
an alternate oxygen source would be required;

g. Lunar Surface Stay - Normal life support conditions
include pressure suits backed by cabin atmosphere,
cabin atmosphere backed by suits (helmets doffed),
pressure suits in depressurized cabin and pressure
suits in EVA mode using PLSS;

h. Entry and Landing - During normal entry, pressure
suilts are donned and the cabin is pressurized. The
cabin pressure increases as air flows in from the
external ambient atmosphere. ZIZntry acceleration
loads are high, complicating manipulation of alter-
nate systems;

1. Post Landing to Recovery - Normally the air intake
and circulation system will supply fresh air to the
cabin and sults can be doffed.

2. Contingencies

a. Fire and smoke in cabin and sult loop;

b. Leakage of volatile liquid or toxic gas or particles
in the cabin and suit loop;

c. Fire in the cabin and suit disconnected for emergency
egress.,

d. Fire and smoke in cabin;
e. Leakage of volatile liquid or toxic gas in cabin;

. Cabin pressure decrease to the extent that partial
pressure of oxygen 1s low (assumes some dilution of
cabin oxygen);

g. Sult loop contamination (not pressure loss) and
cabin pressure loss;

h. Suit loop malfunction and cabin partial pressure of
oxygen low (any single failure mode if air is used
in the cabin and pressure has dropped during ascent);

i. Suit loop malfunction and cabin contaminated or
partial pressure of oxygen low (with either air or
oxygen in the cabin);




BELLCOMM, INC. -5 =

J. Intra-vehicular umbilical problems, e.g., the single
long umbilical fails, is not accessible in LM or the
umbilical connectors fail on suits or spacecraft;

k. Suit loop malfunction while fransferring through
tunnel;

1. EVA, PLSS and OPS oxygen supply exhaustion or mal-
function or umbilical malfunction;

m. Cabin and suit loop contamination from air intake;

n. Air intake malfunction, or under water, and suit
loop malfunction or entry oxygen exhausted.

FUNCTTONAL REQUIREMENTS AND DESIGN CONSTRAINTS

To be most effective the alternate oxygen system pro-
vided should accommodate all of the contingencies noted in the
preceding paragraphs. However, the complexity of a system with
the capability to perform all relevant functions may not be
acceptable. This suggests that some functions that would be
necessary only for the least significant contingencies, e.g.,
double independent malfunctions, be either omitted or satisfied

by some provision other than a separate oxXygen system.

Of the many contingencies presented for which an
alternate oxygen system would be useful, the more significant
result in the following conditions:

1. Contaminated Cabin Atmosphere - Contamination in the
cabin when 1in shirtsleeve or helmet-off posture could
result from fire, smoke, leakage, filter malfunction,
etc. This situation could require eguipment such as
a separate oxygen source and a face mask. The condi-
tion is essentially independent of the type of cabin
pressurant.

2. Contaminated Cabin Atmosphere and Suit Loop Problem -
Contamination in the cabin when the suit is on,
accompanied by a suit loop problem, e.g., malfunction,
contamination or disconnected for egress, could result
from fire, smoke, leakage, filter malfunction, etec.
This situation could require equipment such as a
separate oxygen source and face mask (for use if
helmet can be removed) or a direct oxygen purge line
to the helmet or suit (for use if the helmet cannot
be removed). The condition is essentially independent
of the type of cabin pressurant and can occur in
flight or on the pad.
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3. Low Partial Pressure of Cabin Oxygen - Low partial
pressure of cabln oxygen when the suilt is on could
occur with a mixed gas, e.g., alr on the pad, system
at normal flight pressure. A low partial pressure
and a sult loop malfunction or contamination contin-
gency could support the addition of equipment such
as separatce oxygen source and face mask or direct
line to the sult or helmet. This condition is more
likely to occur with the use of air at launch than
with oxygen.

4. Low Total Pressure of Cabin Atmosphere - Loss or
lowering of the cabin total pressure accompanied by a
suit problem when the suit is on could result from
cabin leakage or poor regulation and a suit loop mal-
function or contamination. This situation could
require equipment such as a separate oxygen source
and a direct line to the suit to provide both pres-
sure and oxygen after isclation of the suit from the
ECS suit loop.

Based on the contingency situations deemed most pre-
valent it appears that the following functional reguirements
are necessary for a satisfactory alternate oxygen system:

1. Provide Oxygen (Suits Off) - When the total pressure
is sufficient but the atmosphere composition is not
adequate and the suits or helmets are off, a means of
providing oxygen to the crew is required, e.g., a
face mask and separate oxygen tanks.

2. Provide Oxygen (Suits On) - When the total pressure
is sufficient but the atmosphere composition 1s not
adequate and the sults are on, a means of providing
oxygen to the crew is required, e.g., a direct line
to the suit or helmet and separate oxygen tanks.

3. Provide Oxygen and Pressure (Suits On) - When neither
the total pressure nor the atmosphere composition are
adeguate and the suits are on, a means of providing
oxygen and adequate total pressure is required, e.g.,
a direct line to the suit and separate oxygen tanks.

The principal unique design constraints limiting the
design possibilities for an alternate oxygen system are summa-
rized below. More general constraints, e.g., need for voice
communication, are not itemized here. These constraints are
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based on the nominal lunar mission functions, abort functions
related to environmental control and existing equipment design
characteristics considered to be limiting, i.e., unchangeable.

1.

Rapid QOperation - The system must be capable of rapid,
i.e., within seconds, initiation of operation immedi-
ately after a contingency is detected;

Operable Under "g-loads" - The system must be oper-
able, including any manual operations, in varying
acceleration regions including launch and ascent
accelerations from 1 to 5g, abort loads of about 8 to

(1)

14 g, zero g, and entry loads of about 10g.

Suits On or Off — The system must be usable with suits
donned, suits doffed or only helmets doffed, and shall
enable transition from suits doffed fo sults donned.

The system must also function in combinations of these

the same confliguration at once, e.g., when changing
suits or preparing for EVA or crew transfer.

. Short Term Supply - The system must be capable of

providing a short term independent supply of gaseous
oxygen for rapid emergency use. The tank or tanks
should be rechargeable during and between uses from
the CSM ECS cryogenic supply To convert the system to
a longer term capability as required. The tank sizing
criteria must consider the operational time needed to
circumvent emergencies by achieving a safe posture,
completing abort, performing pad egress, fighting
fires, donning suits, etc. 1In addition, design con-
straints, e.g., weight, volume and portability,
affect the sizing tradeoff to the extent that a
feasible short term gaseous supply will probably be
limited to less than one hour capability.

Eye Protection - The system should protect the eyes
from contaminants while supplying oxygen for breath-
ing via masks or suit/helmet connections.

Flexible Usage - The system should accommodate one,
two or three crewmen in the CM; one or two crewmen

in the LM or transferring between spacecraft; and one
or two crewmen in EVA gear.

Portable - Since the system may be required in mobille
situations, e.g., pad egress, EVA, and crew transfer,
portability must be considered.
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EQUIPMENT CAPABILITIES

The basic ECS system plus the currently planned
changes will not provide the capability for all functions sug-
gested in the preceding section. A comparision of alternate
oxygen system requirements and the capabilities of the ECS
with planned changes is made in Table 1. Examination of func-
tions not provided for indicates the need for additional eguip-
ment as listed under additional modification needed.

For the purpose of the comparison the following
capabilities are assumed for currently planned changes:(l)

1. Alr or oxygen can be used in the cabin on the pad
with 100 percent oxygen in the suit loop at a pres-
sure slightly above cabin pressure;

2. Rapid cabin repressurization capability in flight by
using additional gaseous oxygen tanks that can be
refilled by the cryogenic system;

3. Emergency oxygen mask breathing system is provided
for use should a fire be encountered in flight to
provide sufficient time to permit the crew to extin-
guish the fire and don their space suits. (Oxygen
is to be avallable from repressurization gas bottles
at 100 psi at the mask connection interface.)

As shown in Table 1, the principal need for more
equipment is to satisfy a requirement for an alternate source
of oxygen when suits are on. This requires a separate connec-
tion to the suits from an independent oxygen supply. Oxygen
masks as planned for the CM for use in event of a fire during
shirtsleeve operation may suffice for all CM mask needs. It
should be noted that the oxygen tanks sized for rapid repres-
surization may not adequately provide the flexibility needed
to supply the masks and a direct suilt input.

The potential reguirement for more equipment in the
LM, as indicated in Table 1, 1s based on contingencies for LM
active phases of the mission. As shown in Appendix A, during
crew transfer and LM descent or ascent the crewmen remain
suited and can find use for a direct oxygen input to the suit
or helmet. During lunar surface stay the helmets may be
doffed while in a pressurized LM, presenting the possibility
of needing a mask in case of fire or contamination contingen-
cies. However, if the helmet can be donned as rapidly as a
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mask, the need for a mask is reduced. Further consideration
is needed to make this tradeoff. Other situations exist in

LM that are similar to those in the CM that could require
masks or direct suit input lines for the CM. Therefore, the
LM could usefully employ the type of alternate oxygen system
components provided for the CM. The necessity for (or overall
cost effectiveness of, additional equipment in the LM may not
be as great as for the CM because of reduced stresses, e.g.,
acceleration and operating time, but the need could exist if
the 1listed contingencies occur.

CONCLUSION

An evaluation of the possible contingencies that
might occur in various mission phases indicates that a signi-
ficant improvement in crew safety can be achieved by adding an
alternate oxygen system. This system can best be used in the
form of an oxygen mask for contingencies including fire and
contamination or low oxygen partial pressure when suits or
helmets are off. For periods when helmets cannot be rapidily
doffed (e.g., pad egress, ascent, abort, EVA or entry) the
system should be preconnected to the suits or helmets and
should be automatically activated or easily manipulated. The
system should include a short term separate supply of oxygen
and be usable in the CM or LM and possibly during EVA. The
system should be compatible with limited manual operations
achievable under the potential adverse conditions, e.g., high
acceleration or busy timeline, existent at the time of emer-
gency. The alternate breathing system should be provided
primarily for contingency use and should not substitute for the
existing ECS cabin atmosphere and sult loop systems during
normal operation.

Comparing the requirements with anticipated capa-
bility (including the currently planned changes for oxygen
masks, rapid repressurization and capability for air in the
cabin on the pad) indicates a need for some additional modifi-
cation. In particular, new provisions are needed for direct
oxygen supply to the suit and more flexibility for emergency
use of an alternate oxygen system in the LM as well as in the
CM.

U Lty

2031-RDR-jecd R. D. Raymond

Attachments
Appendix A
Tables 1 and A-1



"NIGVYD 3IHL NI
331139 34IA0dd Ol 4007 LINS 3HL OLNI

A1V HLIM 3YNSSIAd NIGVDI JA0EY IFANSSIA4 LINS IHL INIdE3IRX ¥0d4 TOULNOD
INIT MOTd NIDAXO L23Y¥1Ad 3IHL 40 NOTISIAZY d0d 1d30X3:x

Jlavivod ‘L

39ysN 3791X374 *9

NOILD3ILOdd FAT °§

W1 ONY WD NI 3sn | 22 INON W3]l L¥0HS %
404 SUNVL NIOAXO °Z NO SLINS °¢ (NO SLINS)
LINS ¥0 L3IWI3IH OL savo1-9 ‘¢ 3YNSSIAd ANV
INIT NIOAXO L23¥10 1 NOT1Vd3dO dldvd 1 NIDAXO IAIAOYUd

CREARREL SIS VN

SY W) SUSVW OL SAHNVL
NIOAXO VYILXd WOdS

HO4 INIT 2 NOILVZIY¥NS
-S3¥d3d9 NIgVI alIdvd

37avLd0d
IYvsn 3I1g91X3d v

L
9
NOTLIO3INNOD LI3¥IA ¢ 404 d3ATAOdd SUNVL NOI12310dd 3IAT *§
W1 NI SMNVYL WO¥4d NIDAXO VdlX3 2 Wd3l 1UOHS 'h
NIIAXO F1VvdvVd3s 'C WO NI 440 S1LINS e
WT NI 3sn ISN FAIITSLYIHS SAvol-9 ¢ (440 SLINS)
J0d SASVYW NIADAXO 1 A0d SAUSYW NIDAXO 1 NO11Vd3d0 aidVvd *1 NIDAXO 3AIAOHYd
379gvLd0d L
J9vsSN 3791X371d ‘9
NOIL1J231i0dd IAT °§
W7 ANV WD NI 3Sn Wd3L Ld0HS *h
404 SANVL NIODAXO ¢ :2dNON NO S1INS ¢
1INS d0 13WT3H OL Savo1-9 ‘¢ (NO SLINS)
1

INIT NIDAXO LD3¥IA

NOT1Vd3d0 AIdvd

NIOAXO 3ATA0Yd

d3a33N

NOTLYOI4IQOW T¥YNOILIQav

NOTLVII141Q0W J3INNV1d

SINIVILSNOD NOIS3A

NOILIONNA

SATLINIAVAYD ANV SINIWIIINOAY 40 NOSI¥VYLWOD

1 3749Vl




BELLCOMM, INC.

RETERENCES

1. NASA Apollo Program Working Paper No. 1221, Environmental
Control System, MSC, Houston, Texas, April 3, 1967.

2. MSC Report No. PM3/M-171/66, Design Reference Mission IIA,
MSC, Houston, Texas, Cctober 30, 1966.

3. Bottomley, T. A., Jr., Physiological Constraints Air-on-
the-Pad, TM-67-2031-4, Bellcomm, Inc., September 30, 1967.

4, MSC Internal Note No. 66-FM-149, Spacecraft Operational
Abort and Alternate Mission Plan for AS-501, Volume 1 -
Abort Plan, MSC, Houston, Texas, December 22, 1966.



BELLCOMM, INC.

APPENDIX A

CONTINGENCIES DERIVED BY MISSTION PHASE

The possible contingencies examined are listed below

by significant mission phase(l) and are summarized in Table A-1.
Contingencies listed are only those that could be countered by
appropriate application of an alternate breathing source and
are not now adequately covered by the functional capability of
the existing ECS:

1. Countdown - During countdown the failure or compro-
mise of both the suit loop and cabin atmosphere by:

a. PFire and smoke in cabin and suit loop;

b. Leakage of volatile liguid or toxic gas or parti-
cles in the cabin and sult loop;

c. Fire in the cabin and suit disconnected for
emergency egress.

2. Launch and Ascent - During ascent the cabin pressure
is reduced to the extent that if air is used the

cabin atmosphere does not provide adequate backup.(l)(B)
In addition, boost acceleration force complicates the
initiation of operation or manipulation of any alter-
nate systems. These contingencies may be encountered:

a. Fire and smoke in cabin and suit loop;

b. Leakage of volatile liquid or toxic gas or parti-
cles in the cabin and suit loop;

¢. Suit loop contamination (not pressure loss) and
cabin pressure loss;

d. Suit loop malfunction and cabin partial pressure
of oxygen low (any single failure mode if air is
used in the cabin and pressure has dropped during
ascent) ;

e. Suit loop malfunction and cabin contaminated or
partial pressure of oxygen low (with either air
or oxygen in the cabin).

3. In Transit (Suits Pressurized) - This condition exists
after ascent until initial suit doffing and during all
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Appendix A (Contd.)

subsequent SPS burns in translunar, lunar and trans-
earth trajectories. Possible contingencies include:

a. Fire and smoke in cabin and suit loop;

b. Leakage of volatile liquid or toxic gas or parti-
cles In the cabin and suit loop;

c. Suit loop contamination (not pressure loss) and
cabin pressure loss;

d. Suit loop malfunction and cabin partial pressure
of oxygen low (if air is used and not yet replaced
with oxygen or cannot be replaced due to cabin
dump failure);

e. Suit loop malfunction and cabin contaminated or
partial pressure of oxygen low (with elither air
or oxygen in the cabin).

4, In Transit (Suits Unpressurized) - Most of the transit
time is spent in this condition (suits doffed or
helmet removed) using cabin atmosphere as the primary
source of oxygen. This condition also applies to CSM
solo orbit after LM descent. Sulits are to be donned
and pressurized in event of cabin depressurization or
contamination. Time critical contingenciles including
the following could require an alternate rapidly
accessible oxygen supply, e.g., face masks:

a. Pire and smoke in cabin;

b. Leakage of volatile liquid or toxic gas or parti-
cles 1in cabin;

¢c. Cabin pressure decrease to the extent that partial
pressure of oxygen 1s low (assumes some dilution
of cabin oxygen).

5. Crew Transfer - Intra-vehicular transfer is accomplished
in pressurized suits with the aid of a long umbilical
supplied by the CSM ECS. EVA transfer, if required,
is accomplished with the aid of the PLSS or OPS. Con-
tingencies for which a separate oxygen source could be
useful include:

a. Fire and smoke in cabin and suilt loop;
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Appendix A (Contd.)

o+

Leakage of volatile liquid or toxic gas or parti-
cles 1in cabiln and suit loop;

Suit loop contamination (not pressure loss) and
cabin pressure loss (including while cabin is
depressurized for EVA);

Intra~vehicular umbilical problems, e.g., the
single long umbilical fails, 1s not accessible
in LM or the umbilical connectors fail on suits
or spacecraft;

Sult loop malfunction while transferring through
tunnel;

EVA, PLSS and OPS oxygen supply exhaustion or
malfunction or umbilical malfunction.

6. LM Descent or Ascent - Suits and cabin are normally

both pressurized. Both must become nonviable before
an alternate oxygen source would be reguired. Possi-
ble contingencies are:

.

b.

Fire and smoke 1in cabin and suit loop;

Leakage of volatile liquid or toxic gas or parti-
cles in cabin and suit loop;

Suit loop contamination (not pressure loss) and
cabin pressure loss;

Suit loop malfunction and cabin contaminated or
partial pressure of oxygen low.

7. Lunar Surface Stay - Normal life support conditions

include pressure suits backed by cabin atmosphere,
cabin atmosphere backed by sults (helmets doffed),
pressure suits in depressurized cablin and pressure
suits in EVA mode using PLSS. Possible contingencies
include:

a.

b.

Fire and smoke in cabin and suit loop;

Leakage of volatile liquid or toxic gas or parti-
cles in cabin and suit loop;
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Suit loop contamination (not pressure loss) and
cabin pressure loss (including while cabin is
depressurized for EVA);

Fire and smoke in cabin (when helmet is doffed);

Leakage of volatile liguid or toxic gas or parti-
cles in cabin (when helmet is doffed);

EVA, PLSS and OPS oxygen supply exhaustion or
malfunction or umbilical malfunction.

8. Entry and Landing - During normal entry pressure suits

are donned and the cabin is pressurized. The cabin
pressure increases as air flows in from the external
ambient atmosphere. Entry acceleration loads are
high, complicating manipulation of alternate systems.
Possible contingencies include:

a.

b.

d.

€.

Fire and smoke in cabin and suit loop;

Leakage of volatile liquid or toxic gas or parti-
cles in cabin and sult loop;

Suit loop manfunction and cabin contaminated or
partial pressure of oxygen low;

Entry oxyvgen supply exhausted;

Cabin and suit loop contamination from air intake.

9. Post Landing to Recovery - Normally the air intake and

circulation system will supply fresh air to the cabin
and suilts can be doffed. Contingencies include:

a.

b.

Fire and smoke in cabing

Leakage of volatile liguid or toxic gas or parti-
cles 1in cabin;

Air intake malfunction, or under water, and suit
loop malfunction or entry oxygen exhausted.
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